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Surface of a pulsating star:
red and blue are hotter and cooler regions 
alternating during the pulsation cycle

Credit: Aerts (2021)

Credit: NASA Goddard Space Flight Center

Light curve: surface brightness over time

Stellar variability



TASOC/T’DA Pipeline
Photometry

Handberg et al. (submitted)

Corrections

Lund et al. (submitted) 

Classification

Audenaert et al. (in prep) 
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Training data
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Feature engineering

• Fourier analysis
• Statistical attributes
• Skewness, MAD…

• Entropy analysis
• Differential entropy
• Multiscale entropy

• SOM



Feature engineering

0.00 0.05 0.10 0.15 0.20 0.25

mean(—SHAP value—) (average impact on model output magnitude)

¡21

¡31

¡ p2p mean

¡ p2p98

A21

SOM location 1

A31

Fp50

Fp20

f2

f3

SOM location 2

f4

p2p98

p2p mean

Fp7

√2

Fp07

f5

f1

Zero-crossings

f6

Contact binaries/rotation

Solar-like

Aperiodic

± Sct/Ø Cep

Constant

Eclipsing/Transiting

∞ Dor/SPB

RR Lyr/Cepheid



Supervised results (meta)



FOPTICS Clustering (Fuzzy Ordering Points To Identify the Clustering Structure )

Ankerst+ (1999), Kriegel+ (2005) 



FOPTICS - example



FOPTICS - cluster extraction

Brecheisen+ (2004)



Conclusion

Ø Combine power of supervised & unsupervised learning in
one framework
• High-level classification through ensemble of supervised models

• General labelled classification of stars

• Detailed clustering through FOPTICS
• Characterize substructure
• Discover new classes
• Identify misclassifications

Jeroen Audenaert
jeroen.audenaert@kuleuven.be
KU Leuven, Institute of Astronomy
Celestijnenlaan 200D bus 2401
3001 Leuven
Belgium


